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INTRODUCTION 
The Illinois State Water Survey (ISWS), in cooperation with the Illinois 
Department of Conservation (IDOC), has been studying the cumulative landscape 
functions of wetlands in Illinois to provide scientific data and analysis for use in the 
protection and restoration of a rapidly vanishing natural resource. The purpose of this 
project was to investigate hydrologic functions of wetlands in Illinois and develop 
relationships between land-use data; wetland size, type, and location; and hydrologic 
parameters. One of the first tasks of the project was to select and analyze hydrologic data 
from 30 watersheds that were not significantly impacted by known natural or man-made 
features. For example, streams greatly influenced by large rivers and lakes, such as the 
Mississippi and Ohio Rivers and Lake Michigan, were excluded from analysis. All gaging 
stations located downstream of dams and major discharge points were also excluded. The 
drainage areas of selected watersheds ranged from 7 to 1,282 square miles (sq mi). The 
percentages of wetlands in these watersheds varied from a minimum of 0.2 percent to a 
maximum of 13.7 percent. Eleven of the 30 watersheds were located in northeastern 
Illinois. 
Some preliminary conclusions based on the analysis of hydrologic data from the 30 
watersheds are as follows (Demissie and Khan, 1993): 
• Two-thirds of the stations show increasing trends in mean flow, peakflow, and 
low flow. 
• Changes in streamflow parameters due to wetlands are most pronounced in 
northern Illinois. 
• Peakflow and floodflow volumes decrease with increasing wetland acreage. 
• Low flow increases with increasing wetland acreage. 
Although the above conclusions reflect the overall data trends, there are also 
significant variations and scatter in the data. The best way to strengthen the relationships 
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developed to date is to study a greater number of watersheds and to investigate selected 
watersheds in more detail. 
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STUDY OBJECTIVES 
The objective of this project was to include urban and urbanizing watersheds in the 
Cumulative Landscape Functions of Wetlands Project, which had not addressed the 
function of wetlands in urban and urbanizing areas. In northeastern Illinois, most of the 
wetlands are influenced by urban development, and stormwater management decisions 
play a significant role in the status of wetlands. Therefore, wetland protection and 
restoration strategies that complement stormwater management objectives have a greater 
likelihood of success in urban environments. Integration of both goals — stormwater 
management and wetland protection and restoration — will increase wetland acreages, 
reduce flooding, and improve water quality. 
The stormwater management study conducted by the Lake County SMC presents 
an opportunity for the Cumulative Landscape Functions of Wetlands Project: to compare 
and contrast wetland functions in rural areas with those in urbanized and urbanizing areas. 
In addition, it increases the number of watersheds available to the project for study. 
The potential storage capacities of wetland systems were evaluated, and a general 
methodology was developed to evaluate their influence on stormwater runoff. This 
methodology was applied to two watersheds in Lake County for analysis: the Flint Creek 
watershed in the southwestern corner of the county and the Mutton Creek watershed in 
the west-central part of the county. 
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BACKGROUND 
Watershed Descriptions 
This project was conducted in cooperation with the Lake County SMC and the 
IDOC. The SMC selected the Flint and Mutton Creek watersheds for development of a 
stormwater management model. These two watersheds are part of the Fox River system, 
which drains the western part of Lake County. It has seven watersheds, including those of 
Flint and Mutton Creeks. 
The Flint Creek watershed is located in the southern part of the Fox River system 
in Lake County. It drains 36.8 sq mi of mostly urbanized area, including a small area in 
Cook County. The Mutton Creek watershed is located in the central part of the Fox River 
system in Lake County. It drains 12.4 sq mi of predominantly agricultural area. Both 
watersheds contain wetlands and natural areas that interact heavily with any stormwater 
management strategy. Figure 1 shows the locations of these watersheds in the Fox River 
drainage system. 
Stream Channel Profiles 
Longitudinal profiles of the main stream channels of Flint and Mutton Creeks were 
prepared based on U.S. Geological Survey (USGS) topographic maps. These profiles are 
shown in figures 2 and 3 for Flint and Mutton Creeks, respectively. 
Flint Creek has two major water courses. The main stem originates in the Cook 
County portion of Barrington Hills. The other portion originates at Lake Zurich, flows 
through Grassy Lake, and joins the main stem about 2 miles upstream of its confluence 
with the Fox River. As shown in figure 2, the main stem channel has three slopes, the first 
reach of which is about 2 miles upstream of the confluence with the Fox River and has an 
average slope of 0.0024 foot/foot (ft/ft). The second reach, which is more than 6 miles 
long, has a slope of 0.00076 ft/ft. The third portion of the main stem, which includes 
Hawthorn and Hawely Lakes, has an average slope of 0.0033 ft/ft. 
The other course of Flint Creek includes a semiflat portion of Grassy Lake and the 
regions of Echo and Zurich Lakes, which are joined by a steeper slope between Grassy 
and Echo Lakes. The average slope for this steep portion is 0.003 ft/ft. Generally 
speaking, wetlands are located in the gently sloped and flat areas of the stream. 
The Mutton Creek profile (figure 3) shows a uniform and gentle slope over most 
of the stream channel. The average slope of the main channel is about 0.0017 ft/ft. This 
kind of gentle slope creates considerable problems with high sedimentation in the channel, 
4 
Figure 1. General location of the Flint and Mutton Creek watersheds 
in the Fox River system 
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Figure 2. Longitudinal profile of Flint Creek between the Fox River and Lake Zurich 
Figure 3. Longitudinal profile of Mutton Creek between Island and Napa Suwe Lakes 
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which increases the amount of water impounded in the adjacent floodplains. As a result, 
wetlands are spread all the way along the Mutton Creek channel. 
In order to provide a detailed runoff analysis of both watersheds, each has been 
divided into sub-basins along the main stream. These sub-basins were delineated based on 
the topography, geomorphology, and other characteristics of the watershed and the stream 
channel. Control points (such as culverts, weirs, dams, and other hydraulic structures) 
were identified and considered in the sub-basin delineation. 
Review of Previous Studies 
Only a few studies have addressed the Flint and Mutton Creeks drainage system. 
Among these is the 1977 Hydrologic Summary Report for Mutton Creek prepared by the 
Lake and McHenry Council of Government (LAMCOG, 1977). This report described the 
drainage facilities in Mutton Creek and water-level elevations at certain control structures 
along the stream channel. It indicated that Mutton Creek water levels dropped about 35 
feet in a 5-mile path between the headwater near Bangs Lake and Island Lake. 
A study by Lindley and Sons, Inc. (1986) investigated the uplands of the Flint 
Creek watershed in relation to the village of Barrington Hills, in particular the headwaters 
of the creek as they enter the village. They divided the drainage area into 12 
subcatchments, and each subcatchment was treated as a separate basin capable of 
accommodating specific volumes of stormwater runoff. Control structures in these 
subcatchments were identified, and their role in regulating the flood flow was investigated. 
The hydrologic analysis of Lindley and Sons, Inc. quantified the flow rate in the 
Flint Creek waterway under predevelopment conditions in some parts of the watershed. 
The relative transport rate of floodwaters per unit area was an indication of the impact of 
urban development on floods for different storm frequencies. Lindley and Sons suggested 
several alternatives to solve the matter of increased flooding potential in the Southgate 
depression and other areas adjacent to the downstream side of the waterway. Their 
recommendations included construction of detention ponds to limit the relative net flow 
rate to 0.06 cubic foot per second (cfs) per acre; creation of alternative locations to 
accommodate the excess floods; "flood-proofing" the floodplain areas to protect them 
from stormwater damage; and improving the capacity of the downstream drainage 
structures to transport flood volumes efficiently. Most of their suggested solutions 
involved the kind of structural flood control that requires an expenditure of funds or loss 
of land. Furthermore, most of these recommendations would not solve the problem of 
increased flooding potential, but rather move it to another location in a local remediation 
style. 
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A third study conducted recently by the Lake County SMC and Natural Areas 
Ecosystem Management (1992) provided basin inventories for Flint and Mutton Creeks. 
The inventory was conducted by two people who walked the stream channel reachwise 
from end to end. By walking against the flow, they prevented any dislodged sediment or 
turbidity created by their actions from impairing visibility in the stream. Several 
observations were made regarding the stream channel dimensions, substrate composition, 
biological indicators, and plant community composition. Special attention was paid to any 
discharge or major swale system discharging into the stream. These data were projected 
and plotted on a 1:4800' aerial photograph. Flow characteristics at hydraulic or control 
structures were noted and photographed. 
Land use, soil cover, and wetland location were also reported in this inventory. 
The data provided by the inventory, along with any other existing data, were used 
extensively to describe the two watersheds. Problems associated with streambank erosion, 
debris blockage, and overbank flooding were identified. This study created a perspective 
for current and future development plans in the watersheds. Although still in draft form, 
the report was used in this project as background information on both the Flint and 
Mutton Creek watersheds. 
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FLINT CREEK WATERSHED 
Flint Creek watershed is divided into 13 sub-basins with a drainage area ranging 
from 1 to about 5 sq mi. The boundaries of the whole watershed and each sub-basin are 
shown in figure 4. Table 1 gives the drainage areas for each of the sub-basins. 
Table 1. Flint Creek Watershed Sub-basins 
Drainage area 
Sub-basin (acres) Remarks 
Fl 1,140 Near the Fox River 
F11 970 
F12 2,066 
F13 913 
F14 2,121 
F141 1,942 Near Hawley & Hawthorn Lakes 
F1411 1,454 
F142 3,529 
F1421 2,109 
F2 695 Near Grassy Lake 
F21 1,846 
F211 3,412 Near Lake Zurich 
F22 1,346
 
Total 23,542 
Soil Survey 
The main sources of soil survey information for the two watersheds were Soils of 
Illinois (University of Illinois at Urbana-Champaign, 1984) and the Soil Survey Report of 
Lake County (Soil Conservation Service (SCS), 1970). 
For the hydrologic soil group identifications, the major reference was The National 
Engineering Handbook (SCS, 1972). Also used was the Hydrologic Soil Groups 
Updated for Illinois (SCS, 1980). 
A soil association is a group of soils formed by similar parent materials. The 
groups share similar surface color, degree of development, and drainage properties. Fifty-
seven soil associations are identified in Illinois (University of Illinois, 1984). 
Most important to this study, in terms of the soil associations and their properties, 
are the hydrologic soil characteristics such as slope range, drainability and permeability, 
swelling potential, and erodability. From a hydrologic point of view, soil properties 
influence the process of runoff generation and infiltration during a rainfall event. 
9 
Figure 4. Flint Creek watershed and sub-basins 
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Therefore, knowing the characteristics of the soils is important in storm runoff analysis. 
The SCS classified the soils into four hydrologic groups (1972) according to their 
infiltration and transmission capacities. 
A. Law Runoff Potential. Soils that have high infiltration rates, even when the 
antecedent moisture condition is very high. Examples of this group are deep, well to 
excessively drained sands or gravels; deep loess; and aggregated silts. These soils 
are characterized by high water transmissivity. 
B. Moderate Runoff Potential. Soils characterized by moderate infiltration and 
transmission rates when thoroughly wetted. They consist mainly of moderately deep 
to deep, moderately to well-drained soils with medium to coarse texture, such as 
shallow loess and sandy loams. 
C. Above Moderate Runoff Potential. Soils that have a slow infiltration and 
transmission rate when thoroughly wetted. These consist of stratified soils with one 
or more low-permeability layers with fine texture, such as clay loams, shallow sandy 
loams, and other soils high in clay content. 
D. High Runoff Potential. Soils characterized by very slow infiltration and transmission 
rates when thoroughly wetted. These consist of clay soils with a high welling 
potential, soils with a permanent high water table, other heavy plastic clays, and 
certain saline soils. 
Hydrologic soil groups, in conjunction with land use and soil cover, help to 
determine the hydrologic soil-cover complexes that are used in estimating the runoff curve 
number (CN) developed by the SCS. An alphabetic list of soil names and their 
corresponding hydrologic groups is provided in the National Engineering Handbook 
(SCS, 1972). A specific list of hydrologic soil groups in Illinois is provided by The 
Hydrologic Soil Groups Updated for Illinois (SCS, 1980). 
The following six soil associations are found in the Flint Creek watershed: 
1. Varna-Eliott-Askhum (Soil Association 14) 
These are dark-colored soils developed in a thin layer of loess over silty clay 
loams. Slopes range from nearly level to 12 percent with an average layer thickness of 
less than 20 inches. This association is primarily somewhat poorly drained over gentle 
or level slopes. When the slope is high, these soils are found to be moderately well 
drained. The major problems in these soils are moderately low permeability and a high 
tendency for erosion. These problems can be treated by some sort of tile drainage and 
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erosion control practice. According to their hydrologic characteristics, these soils are 
considered part of hydrologic soil group C. 
2. Houghton-Palms-Muskego (Soil Association 25) 
This soil association consists of 16 to SO inches of organic material (muck) over 
sedimentary peat. The slope of these soils is almost level (0 to 2 percent). Soils of 
this association occur in depressional areas, and their major problem is poor drainage 
due to their flat nature and organic composition. Tile drainage is not efficient for 
draining these soils; ditch drainage is more practical. These soils are subject to severe 
frost heaving and wind erosion. Based on their hydrologic properties, they are 
classified as hydrologic soil group D. 
3. St. Charles-Camden-Drury (Soil Association 41) 
These are dark-colored soils formed under deciduous frost and grass cover. They 
occur under level and steep grades (slopes 0-30 percent) with an average thickness of 
SO inches of loess and outwashed sandy loam till. These soils have a moderate 
permeability, and thus are well to moderately well drained. Accordingly, these soils 
are classified as hydrologic soil group B. 
4. Dodge-Russell-Miami (Soil Association 42) 
This association consists of light- to moderately dark-colored soils formed under 
forests. These soils have less than 40 inches of loess over loam-texture Wisconsinan 
till. Generally, they have moderate to moderately slow permeability, and they are 
moderately well drained. The only management problem of these soils is soil erosion. 
Based on their hydrologic characteristics, these soils are classified as hydrologic group 
B. 
5. Morley-Blount-Beecher (Soil Association 44) 
These soils are mostly light-colored to moderately dark-colored prairie-forest 
transition soils. They occur under nearly flat to steep grades (slopes up to 35 percent) 
with an average thickness of less than 42 inches of weathered soils. Although some 
soils in this association are moderately well drained, most of them have slow 
permeability and drainage. The major problem with this association is soil erosion. 
Based on their hydrologic characteristics, the soils in this association are classified as 
hydrologic soil group C. 
6. Casco-Fox-Ockley (Soil Association 48) 
These light-colored soils are formed under forests in thin loamy and silty sediments 
over sandy or gravel layers. They occur on mild to sleep slopes (up to 45 percent) 
12 
with a thickness of 20 to 40 inches. Most of the soils in this association are 
moderately well to well drained. Their major problem is soil erosion associated with 
steep slopes. Based on the hydrologic characteristics of this association, it is classified 
in hydrologic soil group B. 
Table 2 gives the areal coverage of the different hydrologic groups in each of the 
Flint Creek sub-basins. 
Table 2. Hydrologic Soil Groups in the Flint Creek Watershed 
Sub-basin 
Fl 
F l l 
F12 
F13 
F14 
F141 
F1411 
F142 
F1421 
F2 
F21 
F211 
F22 
Total 
Area (acres) 
1,140 
970 
2,066 
913 
2,121 
1,942 
1,454 
3,529 
2,109 
695 
1,846 
3,412 
1,346 
23,543 
Percent coverage/or 
hydrologic soil groups 
B 
100.0 
20.8 
39.4 
26.1 
11.2 
0.0 
0.0 
0.0 
0.0 
55.6 
0.0 
0.0 
0.0 
12.8 
C 
0.0 
64.0 
59.3 
73.9 
88.7 
89.1 
97.1 
96.6 
97.1 
11.7 
99.7 
94.8 
94.8 
82.6 
D 
0.0 
15.1 
1.2 
0.0 
0.0 
10.9 
2.9 
3.4 
2.9 
32.7 
0.2 
5.2 
5.2 
4.6 
Figure 5 summarizes the distribution of the hydrologic soil groups in the Flint Creek 
watershed. Hydrologic soil group C is the dominant soil type in the watershed with 82.6 
percent of the area. 
Land Use 
Most of the Flint Creek watershed consists of highly developed urban areas. Lot 
sizes range from large estates to dense older urban areas. The population in the Flint 
Creek watershed rose from 14,173 in 1980 to 19,037 in 1990, for a 34 percent increase 
and is expected to increase by about 30 percent by the year 2010 (Lake County SMC, 
1992). The number of households in 1990 was 6,429, and this number will grow to 9,099 
in the year 2010, for an increase of 41.5 percent. The average number of people in a 
household in 1980 was 3.10, whereas in 1990 the number dropped to 2.96. The projected 
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Figure 5. Hydrologic soil groups in the Flint Creek watershed 
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number of people in a household in 2010 is 2.74. The net population density in the Lake 
County portion of the watershed was about 1.08 persons per acre in 1990 and will 
increase to 1.41 in 2010. Net population density higher than one person per acre suggests 
a deterioration of water quality and a considerable need for land development limitations 
(Lake County SMC, 1992). 
Data provided by Lake County Planning, Zoning, and Environmental Quality 
(PZEQ) indicate that more than 80 percent of the watershed is already developed. An 
estimated 39.0 percent of the watershed (including the portion in Cook County) is 
agricultural, 32.1 percent residential, 5.0 percent water, 2.S percent industrial, 2.2 percent 
commercial, and 19.2 percent other uses. Detailed land-use data for each sub-basin are 
given in table 3. Figure 6 summarizes the distribution of different land uses in the Flint 
Creek watershed. 
Table 3. Land Use in the Flint Creek Watershed 
Sub-basin 
Fl 
F l l 
F12 
F13 
F14 
F141 
F1411 
F142 
F1421 
F2 
F21 
F211 
F22 
Total 
Area 
(acres) 
1,140 
970 
2,066 
913 
2,121 
1,942 
1,454 
3,529 
2,109 
695 
1,846 
3,412 
1,346 
23,542 
Commercial 
1.1 
0.0 
0.8 
0.0 
1.2 
2.7 
0.5 
7.1 
0.5 
0.0 
0.3 
3.1 
2.6 
2.2 
Industrial 
0.0 
0.0 
4.3 
2.5 
1.4 
9.3 
1.1 
4.9 
1.1 
0.0 
0.0 
1.4 
0.0 
2.5 
Percent area 
Agricultural 
24.0 
30.5 
57.4 
49.4 
53.3 
66.7 
8.6 
34.4 
8.6 
28.6 
33.7 
47.3 
44.2 
39.0 
Residential 
28.3 
48.2 
28.6 
37.1 
17.4 
3.2 
45.3 
36.9 
45.3 
33.3 
48.5 
25.5 
36.9 
32.1 
Water 
1.9 
3.6 
2.3 
2.9 
2.2 
1.9 
5.9 
3.4 
5.9 
5.7 
4.6 
12.3 
7.3 
5.0 
Other 
44.7 
17.8 
6.6 
8.1 
24.4 
16.2 
38.6 
13.4 
38.6 
32.3 
13.0 
10.5 
9.0 
19.2 
Wetlands 
Wetlands occur in the upland and floodplain zones of the watershed and form 
about 12.6 percent of the watershed, including a portion in Cook County. Wetland 
identification is very important to the future development of the basin. Wetlands have a 
great impact on the watershed's hydrology and biosystems. They play a role in stormwater 
storage, bank stabilization, sediment retention, and nutrient removal. 
15 
Figure 6. Land use in the Flint Creek watershed 
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The U.S. Fish and Wildlife Service (FWS) initiated the National Wetland Inventory 
(NWI) program in 1975. The program provides detailed information on different types of 
wetlands in the United States. The NWI classification follows the classification code 
developed by Cowardin et al. (1979). 
According to this code, wetlands are defined as "lands transitional between aquatic 
and terrestrial systems where the water table is usually at or near to the surface, or land is 
covered by shallow water" (IDOC, 1988). 
At least one of the following three conditions has to be true for an area to be a 
wetland: the existence of some wetland plants as a periodic land cover; subsoils formed of 
undrained wetland soils; or a nonsoil substrate that is saturated or covered with shallow 
water during the growing season. The NWI code is hierarchical, stemming from systems 
and subsystems at the upper level to classes, subclasses, and modifying terms at the lower 
levels. A brief description of this system is found in A Field Guide to the Wetlands of 
Illinois (IDOC, 1988). 
The Illinois Wetland Inventory code follows a similar classification, which is based 
on numeric rather than alphabetic coding. Table 4 links the Illinois Wetland code to the 
NWI code. 
Wetlands in each sub-basin are classified according to the Illinois Wetland 
Inventory. The acreage and Illinois code of each wetland type are shown in table 5. In 
the stormwater flood analysis, wetlands are grouped as floodplains or upland wetlands 
depending on their location with respect to the stream channel. Wetlands located in the 
100-year floodplain of the streams are classified as floodplain wetlands. Wetland areas 
outside the floodplain are classified as upland wetlands. Figure 7 shows the locations of 
different types of wetlands in the watershed. 
Storm Runoff Computations 
The SCS CN method is used to estimate the runoff potential of hydrologic soil-
cover complexes for a watershed when the soil is not frozen. The CN is a dimensionless 
value between 0 and 100. For impervious and water surfaces, CN is taken to be 100; for 
other natural surfaces, CN is less than 100. Higher CN values indicate greater runoff 
potential. For basins with different hydrologic soil and land-use combinations, a 
composite CN value is estimated from the areal extent of the soil and the land-use 
coverages. Because of the existence of another hydrologic analysis project that includes 
detailed modeling and monitoring for the county, it was agreed that this project would 
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Table 4. Illinois Classifications and Their Corresponding National Wetland Inventory (NWI) Codes1 
Illinois classification System Subsystem Class2 
Water 
regime 
Modified/ 
artificial Drainage Farming 
Drainage & 
farming 
Shallow Water Wetland Habitat (1000, 
Palustrine Wetlands (1100,2100) 
• Scrub-Shrub Wetlands (1110, 2110) 
2000)3 
P SS All XorH D F DF 
Forested Wetlands (1120, 2120) 
• Swamp (1121, 2121) 
• Bottomland Forest (1122,2122) 
P 
P 
- FO 
FO 
F,G,H 
A,B,C,J 
X or H 
X or H 
D 
D 
F 
F 
DF 
DF 
Emergent Wetlands (2230, 2130) 
• Shallow Marsh/Wet Meadow (1131, 2131) 
• Deep Marsh (1132, 2132) 
• Open Water Wetlands (1140, 2140) 
P 
P 
P 
-
EM 
EM 
OW,US,UB,AB 
A,B,C 
F,G,H,J,K 
All 
X or H 
X or H 
X or H 
D 
D 
D 
F 
F 
F 
DF 
DF 
DF 
Lacustrine Wetlands (1200, 2200) 
• Littoral Lake (1210, 2210) 
• Littoral Shore (1220, 2220) 
• Littoral Emergent (1230, 2230) 
L 
L 
L 
2 
2 
2 
RB,UB,AB,OW 
RS.US 
EM 
All 
All 
All 
X or H 
X or H 
X or H 
D 
D 
D 
F 
F 
F 
DF 
DF 
DF 
Riverine Wetlands (1300, 2300) 
• Perennial (1310, 2310) 
• Intermittent (1330, 2330) 
R 
R 
2,3 
4 
EM,AB,SB,RS,US 
SB 
All 
All 
X or H 
X or H 
D 
D 
F 
F 
DF 
DF 
Deepwater Habitat (3000, 4000) 
• Lacustrine Habitat (3110,4110) 
• Riverine Habitat (3210, 4210) 
L 
R 
1 
2,3 
RB,UB,AB,OW 
RB.UB.OW 
All 
All 
X or H 
X or H 
D 
D 
F 
F 
DF 
DF 
1For complete explanations of the code symbols, please refer to Cowardin et al., Classifications of Wetlands and Deepwater Habitats of the United States, 
1979, USFWS. 
2Includes codes with either single class or with class as dominant type in combination with other classes, e.g., scrub-schrub habitats are designated with codes 
PSS, PSS/EM, PSS/FO, etc. 
3Values inside parenthesis () indicate Illinois classification codes. 
Source: Suloway, Hubbel, and Erickson, 1992. 
-
-
-
-
Table 5. Wetland Areas in the Flint Creek Watershed 
Percent wetland of 
Sub-basin IL code Wetland name Area (acre) the sub-basin 
Fl 1131 Emergent-Meadow 76.3 6.69 
F l l 1131 Emergent-Meadow 43.2 4.46 
F l l 1132 Emergent-Marsh 27.5 2.83 
F l l 1140 Open Water 0.2 0.02 
F12 1131 Emergent-Meadow 15.6 0.75 
F12 1132 Emergent-Marsh 117.3 5.68 
F12 2140 Open Water 87.6 4.24 
F13 1140 Open Water 78.0 8.54 
F14 3110 Lacustrine Habitat 1.1 0.05 
F14 4110 Lacustrine Habitat 1.4 0.07 
F14 2140 Open Water 155.1 7.31 
F14 3210 Riverine Habitat 6.5 0.30 
F141 2140 Open Water 227.2 11.70 
F141 3210 Riverine Habitat 37.1 1.91 
F1411 3110 Lacustrine Habitat 25.6 1.76 
F1411 2140 Open Water 201.3 13.84 
F142 2132 Emergent-Marsh 57.6 1.63 
F142 1140 Open Water 334.6 9.48 
F1421 4110 Lacustrine Habitat 0.4 0.02 
F1421 2131 Emergent-Meadow 2.3 0.11 
F1421 2132 Emergent-Marsh 5.7 0.27 
F1421 1140 Open Water 297.1 14.09 
F1421 3210 Riverine Habitat 1.4 0.07 
F2 1131 Emergent-Meadow 194.0 27.92 
F21 1122 Forested-Bottom 10.9 0.54 
F21 1131 Emergent-Meadow 137.0 7.42 
F211 1110 Lacustrine Habitat 48.3 1.42 
F211 1122 Forested-Bottom 66.6 1.95 
F211 1131 Emergent-Meadow 479.2 14.05 
F211 1132 Emergent-Marsh 3.1 0.09 
F22 1131 Emergent-Meadow 103.5 7.69 
F22 1132 Emergent-Marsh 111.6 8.29 
F22 1140 Open Water 0.3 0.02 
Total wetland area 2953.6 12.55 
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Figure 7. Wetlands in the Flint Creek watershed 
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assist in that effort but would not include detailed hydrologic modeling. Since the detailed 
modeling effort is ongoing and results would not be available for this study, it was decided 
that this project should adopt a simpler method, one that would not require detailed 
computational effort. As a result, the SCS method of runoff computation using curve 
numbers was selected. 
Values of CN for common land use and different soil groups are given in most 
surface hydrology text books (e.g., Chow et al., 1988; SCS, 1970). Tables of CN values 
(e.g., table 6) are typically based on normal antecedent moisture conditions (AMC II). 
For dry conditions (AMC I), the equivalent curve number is given by Chow et al. (1988): 
Similarly, for wet antecedent moisture conditions (AMC III), the equivalent curve 
number is given by: 
Antecedent moisture condition is an indication of the total five-day antecedent 
rainfall. Classification of the three antecedent moisture classes is given in table 7. 
The National Engineering Handbook (SCS, 1972) suggests that seasonal 
variations can affect the CN values. Table 5 applies to the crop conditions in average 
growing seasons. For the normal peak growth time (usually before harvest), the CN value 
is given by: 
CN (normal peak season) = 2 CN(average) - CN (fallow) (3) 
After harvesting, CN values vary in the range of the fallow and normal peak growth. 
As a simple guideline for cultivated soils, if two-thirds or more of the soil area is 
exposed, use the fallow conditions; if one-third or less is exposed, use the average values 
of CN given in table 6; and if none of the soil surface is exposed, use the CN value 
associated with normal peak growth as given by the equation above. In general, the CN 
values apply to nonfrozen soils. They do not apply to runoff originated by snow-melt. 
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Table 6. Runoff Curve Numbers for Selected Agricultural, Suburban, and Urban Land Uses 
(Antecedent Moisture Condition II, Ia = 0.2S) 
Land-use description 
Cultivated land1: without conservation treatment 
with conservation treatment 
Pasture or range land: poor condition 
good condition 
Meadow: good condition 
Wood or forest land: thin stand, poor cover, no mulch 
good cover2 
Open spaces, lawns, parks, golf courses, cemeteries, etc. 
good condition: grass cover on 75 percent or more of the area 
fair condition: grass cover on SO to 75 percent of the area 
Commercial and business areas (85 percent impervious) 
Industrial districts (72 percent impervious) 
Residential3: 
Average lot size Average percent impervious4 
1/8 acre or less 65 
1/4 acre 38 
1/3 acre 30 
1/2 acre 25 
1 acre 20 
Paved parking lots, roofs, driveways, etc.5 
Streets and roads: 
paved with curbs and storm sewers5 
gravel 
dirt 
Hydrologic 
A 
72 
62 
68 
39 
30 
45 
25 
39 
49 
89 
81 
77 
61 
57 
54 
51 
98 
98 
76 
72 
B 
81 
71 
79 
61 
58 
66 
55 
61 
69 
92 
88 
85 
75 
72 
70 
68 
98 
98 
85 
82 
c soil, 
C 
88 
78 
86 
74 
71 
77 
70 
74 
79 
94 
91 
90 
83 
81 
80 
79 
98 
98 
89 
87 
group 
D 
91 
81 
89 
80 
78 
83 
77 
80 
84 
95 
93 
92 
87 
86 
85 
84 
98 
98 
91 
89 
1For a more detailed description of agricultural land-use curve numbers, refer to Soil Conservation 
Service (SCS), 1972, Chap. 9. 
2Good cover is protected from grazing, litter, and brush cover soil. 
3Curve numbers are computed assuming that the runoff from the house and driveway is directed 
towards the street with a minimum of roof water directed to lawns where additional infiltration 
could occur. 
4The remaining pervious areas (lawn) are considered to be in good pasture condition for these 
curve numbers. 
5ln some warmer climates of the country, a curve number of 95 may be used. 
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Table 7. Classification of Antecedent Moisture Classes (AMC) 
for the SCS Method of Rainfall Abstractions 
AMC group 
I 
II 
III 
Total 5-day antecedent rainfall (in) 
Dormant season 
Less than 0.5 
0.5 to 1.1 
Over 1.1 
Growing season 
Less than 1.4 
1.4 to 2.1 
Over 2.1 
Source: Soil Conservation Service (SCS), 1972, Table 4.2, p. 4.12. 
Flint Creek Watershed Curve Number (CN) 
The composite CN value of each sub-basin in the Flint Creek watershed is 
estimated based on soil and land-use data for normal antecedent moisture conditions. The 
overall composite CN value for Flint Creek is computed to be 84. Values of composite 
CN as well as the percentage of wetland area within each sub-basin are summarized in 
table 8. 
Table 8. Summary of CN Values and Wetland Coverage for the Flint Creek Sub-basins 
Sub-basin 
F1421 
F142 
F1411 
F141 
F14 
F13 
F12 
F11 
F211 
F21 
F22 
F2 
F1 
Total watershed 
Drainage area 
(acres) 
2,109 
3,529 
1,454 
1,942 
2,121 
913 
2,066 
970 
3,412 
1,846 
1,346 
695 
1,140 
23,542 
Composite 
SCS-CN 
86 
85 
86 
84 
83 
82 
81 
83 
85 
84 
84 
83 
80 
84 
Percent wetland area 
Upland 
12.1 
8.8 
12.0 
2.8 
5.1 
6.3 
0.9 
11.1 
5.8 
4.7 
6.3 
3.0 
3.4 
6.2 
Floodplain 
2.4 
2.3 
3.6 
10.9 
2.6 
2.3 
2.6 
11.6 
11.7 
3.3 
9.7 
24.9 
3.3 
6.4 
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MUTTON CREEK WATERSHED 
Mutton Creek watershed is predominantly agricultural watershed. The area of the 
whole watershed is about 12.4 sq mi. Wetland covers about 18.0 percent of the 
watershed, which is divided into nine sub-basins with areas ranging from less than one-half 
sq mi to a little more than 2 sq mi. The boundaries of each sub-basin in the watershed are 
shown in figure 8. Table 9 lists the areas of these sub-basins. 
Table 9. Mutton Creek Sub-basins 
Sub-basin 
Ml 
M2 
M3 
M31 
M4 
M5 
M51 
M6 
M7 
Total area 
Area (acres) 
1,106 
306 
2,116 
1,080 
1,052 
297 
231 
1,501 
246 
7,935 
Remarks 
Near Island Lake 
Near Lake Napa Suwe 
Soil Survey 
Six different soil associations can be identified in the Mutton Creek watershed. 
Four of these associations are described in the soil survey for the Flint Creek watershed. 
The other two are discussed here: 
1. St. Clair - Nappanee - Frankfort (Soil Association 45) 
These are light-colored soils developed in approximately 20-inch layers of loess on 
silty clay or clay till. Their slopes vary from very level to steep. This association is 
primarily poorly to somewhat moderately drained, and permeability is very slow. 
The main problems of this soil association are low permeability and erosion for soils 
on steep slopes. Based on their hydrologic characteristics, soils in this association 
are classified under hydrologic soil group CDD, a combination one-third C and two-
thirds D. 
2. Markland - Colp - Del Rey (Soil Association 46) 
These are light-colored soils developed under forest in moderately fine to fine 
sediments. The average thickness of these soils is less than 15 inches, with slopes 
between level and 35 percent. Most of this association is somewhat poorly drained. 
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Figure 8. Mutton Creek watershed and sub-basins 
The main problems of these soils are poor drainage and erosion on steep slopes. 
They have a slow permeability. Based on their hydrologic characteristics, these soils 
are classified under hydrologic soil group C. 
Table 10 gives the distribution of the different hydrologic soil groups in the 
Mutton Creek watershed. Figure 9 shows the distribution for the whole watershed. 
Hydrologic soil group B dominates the Mutton Creek watershed (44.1 percent). 
Table 10. Hydrologic Soil Groups in the Mutton Creek Watershed 
Sub-basin 
Ml 
M2 
M3 
M31 
M4 
M5 
M51 
M6 
M7 
Total 
Area (acres) 
1106 
306 
2116 
1080 
1052 
297 
231 
1501 
246 
7,947 
for 
B 
100.0 
99.9 
50.2 
24.6 
32.8 
69.4 
24.6 
15.7 
0.0 
44.1 
Percent coverage 
' hydrologic soil groups 
C 
0.0 
0.1 
0.0 
12.8 
58.9 
0.0 
56.6 
74.9 
94.7 
30.9 
D 
0.0 
0.1 
49.8 
62.7 
8.2 
30.5 
18.7 
9.3 
5.3 
25.0 
Land Use 
Unlike the Flint Creek watershed, the Mutton Creek watershed is one of the least 
populated watersheds in Lake County. It drains a predominantly agricultural area. The 
total population in the watershed rose from 2,701 in 1980 to 2,937 in 1990, an increase of 
8.7 percent. The population in 2010 is expected to be 4,298, for an increase of 46 percent 
over 1990. The number of households in the watershed was 1,031 in 1990, and it will rise 
to 1,602 by 2010. The average number of people per household was 2.85 in 1990, 
whereas the projected number for 2010 is about 2.68. The net population density in the 
watershed was 0.41 person per acre in 1990. This value will rise to 0.61 by 2010, but 
remain below the one-person-per-acre value, which is considered a threshold for water 
quality degradation. 
According to the data provided by Lake County PZEQ, 70.5 percent of the 
watershed is agricultural, 16.5 percent residential, 4.1 percent industrial, 0.1 percent 
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Figure 9. Hydrologic soil groups in the Mutton Creek watershed 
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commercial, 6.2 percent water, and 2.7 percent other uses. Data also indicate that 75.9 
percent of the watershed is underdeveloped. Table 11 shows detailed land use for each 
sub-basin. 
Table 11. Land Use in the Mutton Creek Watershed 
Sub-basin 
Ml 
M2 
M3 
M31 
M4 
M5 
M51 
M6 
M7 
Total 
Area 
(acres) 
1,106 
306 
2,116 
1,080 
1,052 
297 
231 
1,501 
246 
7,935 
Commercial 
0 
0 
0 
0.5 
0.3 
0 
0.7 
0 
0 
0.1 
Industrial 
3.1 
4.7 
2.6 
2.7 
1.2 
38.9 
0 
1.6 
0 
4.1 
Percent area 
Agricultural 
21.1 
74.1 
89.5 
89.7 
86.6 
44.9 
82.3 
58.6 
57.8 
70.5 
Residential 
62.1 
16.8 
3.3 
1.2 
5.5 
3.1 
13.8 
25.8 
0.1 
16.5 
Water 
12.3 
4.1 
2.7 
2.9 
1.4 
0.6 
1.6 
13.2 
8.5 
6.2 
Other 
1.4 
0.2 
1.9 
3.0 
4.9 
12.6 
1.5 
0.7 
33.5 
2.7 
Figure 10 summarizes the distribution of major land uses for the whole Mutton Creek 
watershed. 
Wetlands 
Similar to wetlands in the Flint Creek watershed, wetlands in the Mutton Creek 
watershed occur in the upland and floodplain zones. Wetlands form about 18 percent of 
the watershed, and 92 percent of these are floodplain wetlands. Since the Mutton Creek 
watershed has many areas that might be impacted by future development, wetland 
identification is very important in this process. Wetlands have a great effect on the 
watershed hydrology and biosystem. 
Wetlands in each sub-basin are classified according to the Illinois Wetland 
Inventory. The acreage and Illinois code of each wetland type are given in table 12. In 
the stormwater analysis, wetlands are grouped as floodplains or upland wetlands, 
depending on their location with respect to the stream channel, as discussed for Flint 
Creek. Figure 11 shows the locations of different types of wetlands in the watershed. 
28 
Figure 10. Land use in the Mutton Creek watershed 
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Table 12. Wetland Areas in the Mutton Creek Watershed 
Percent wetland 
Sub-basin IL code Wetland name Area (acre) of the sub-basin 
Ml 3110 Forested Swamp 79 7.17 
Ml 2140 Open Water 298 26.91 
Ml 3210 Riverine Habitat 2 0.14 
M2 1132 Emergent-Marsh 14 4.50 
M2 1140 Open Water 5 1.69 
M3 1122 Forested-Bottom 4 0.19 
M3 1131 Emergent-Meadow 83 3.90 
M3 1132 Emergent-Marsh 84 3.98 
M3 2140 Open Water 35 1.66 
M31 1110 Forested Swamp 37 3.41 
M31 1122 Forested-Bottom 110 10.22 
M31 1131 Emergent-Meadow 103 9.58 
M4 1110 Forested Swamp 0 0.03 
M4 1122 Forested-Bottom 63 6.03 
M4 1131 Emergent-Meadow 72 6.86 
M4 1132 Emergent-Marsh 0 0.02 
M5 1131 Emergent-Meadow 80 26.92 
M5 1132 Emergent-Marsh 4 1.40 
M5 1140 Open Water 0 0.06 
M5 2140 Open Water 1 0.22 
M51 1131 Emergent-Meadow 30 13.02 
M6 4110 Forested Swamp 71 4.72 
M6 1131 Emergent-Meadow 82 5.46 
M6 1132 Emergent-Marsh 76 5.07 
M6 2140 Open Water 8 0.53 
M6 1140 Open Water 40 2.65 
M6 4210 Riverine Habitat 2 0.11 
M7 2140 Open Water 47 18.98 
Total wetland area 1,430 18.02 
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Figure 11. Wetlands in the Mutton Creek watershed 
Mutton Creek Watershed Curve Number (CN) 
The composite CN value of each sub-basin in the Mutton Creek watershed was 
estimated based on soil and land-use data for normal antecedent moisture conditions as 
expressed earlier. Table 13 gives a summary of the sub-basins, CN values, and wetland 
coverage for each sub-basin. The overall composite CN value for the Mutton Creek 
watershed is 78. 
Table 13. Summary of CN Values and Wetland Coverage 
for the Mutton Creek Sub-basins 
Sub-basin 
M7 
M6 
M51 
M5 
M4 
M31 
M3 
M2 
Ml 
Total watershed 
Drainage area 
(acres) 
246 
1,501 
231 
297 
1,052 
1,080 
2,116 
306 
1,106 
7,935 
Composite 
SCS-CN 
80 
80 
76 
81 
75 
78 
76 
74 
78 
78 
Percent wetland area 
Upland 
1.3 
3.8 
0.9 
0.8 
0.6 
0.2 
0.7 
1.0 
1.9 
1.4 
Floodplain 
17.7 
14.7 
12.1 
27.8 
12.4 
23.0 
9.0 
5.2 
32.3 
16.6 
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HYDROLOGIC CALCULATION PROCEDURES 
General Procedure 
A procedure has been developed that uses the available data to calculate 
stormwater runoff from smaller subwatersheds of the Flint and Mutton Creek watersheds 
and then route the runoff down the main streams, considering the storage capacities of 
upland and floodplain wetlands. The procedure uses rainfall values for selected design 
storms, land-use and soil data to determine SCS CNs, and wetland acreage from the 
National Wetlands Inventory (NWI). 
The wetland storage and runoff computations are based on volumetric analysis 
alone. The procedure does not involve detailed hydraulic routing and provides an easy 
and quick analysis of wetland storage capacity without detailed hydraulic modeling (Simon 
et al., 1987). The steps used in the procedure are as follows: 
1. Determine the rainfall depth, p, of a specified design storm of given return period, 
duration, and season. Data from ISWS Bulletin 70 (Huff and Angel, 1989 and 1992) 
was used to estimate rainfall depth for watersheds in the Lake County area. 
2. Determine the SCS CN based on soil types, antecedent moisture conditions, and 
land-use information. These have been calculated for each watershed based on data 
available on the Illinois Geographic Information System (IGIS). The CN values are 
given in the third column of tables 8 and 13 for Flint and Mutton Creeks, 
respectively. 
3. Use equation 1 to calculate the direct runoff depth, Q, of the storm. Then, 
where p is the rainfall depth, and S is the potential soil retention and abstraction that 
is determined from: 
The apparent runoff factor is given by 
4. Obtain the drainage area and wetland acreage in the upland and floodplain zones of 
the subwatershed. These data are generated from GIS data and given in the fourth 
and fifth columns of tables 8 and 13 for Flint and Mutton Creeks, respectively. 
These values are expressed as percentages of the watershed drainage area (DA). 
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5. Starting from the upstream subwatershed, i, calculate the following parameters: 
a. Watershed runoff volume (WRVi) in acre-feet: 
where Q is the value (in inches) obtained in step 3; DA is the drainage area in 
square miles; and 640 is the number of acres in a square mile. WRV is the 
total runoff from any sub-basin with a drainage area DA}. 
b. Estimate average available wetland depth values based on depth versus area 
data for wetland storage in both upland and floodplain zones within the 
subwatershed. The depth values are assumed to be the average available 
storage depths of the wetlands. The available storage depth is the total 
average depth over the wetland minus any occupied storage depth prior to the 
storm event. 
c. Calculate the maximum upland storage potential (MUSPi) in acre-feet as: 
MUSPi= upland wetland storage depth x percent wetland x DAi x 640 (7) 
where the percent wetland refers to the upland areas, and the MUSPi is the 
maximum storage potential in the upland watersheds. 
d. Determine the effective upland storage potential (EUSP), which is the 
minimum value of [WRVi,MUSPi] calculated in steps 5a and 5c: 
EUSPi = minimum [WRVi, MUSPi]   (8) 
e. Calculate the upland runoff contribution (WRCi) 
WRCi=WRVi-EUSPi (9) 
f. Combine the runoff volumes generated from the upland runoff contribution 
(WRCi) of the sub-basin and the net surplus runoff volume from the upstream 
sub-basin (SRVi+1). This combined volume is CRVi and is given by: 
CRVi = WRCi + SRVi+1  (10) 
g. Calculate the maximum floodplain storage potential (MFSPi) as: 
MFSPi = floodplain wetland storage depth x percent wetland x DAi x 640 (11) 
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h. Evaluate the effective floodplain storage potential (EFSPi) as: 
EFSPi= minimum [CRVi, MFSPi]                                                     (12) 
The EFSPi is the effective floodplain wetland storage, which cannot be greater 
than the runoff calculated in step 5. 
i. The runoff volume to be carried to the downstream subwatershed is SRVj, 
defined as the surplus runoff volume from sub-basin i: 
SRVi = (WRCi + SRVi+1) - EFSPi ≥ 0        (13) 
If this value is less than zero, then the surplus runoff volume from the 
subwatershed is equal to zero. This is the surplus runoff volume at the outlet 
of subwatershed i. 
j. Repeat steps a through i for each subwatershed carrying the surplus runoff 
volume from the upstream watershed to the downstream subwatershed. 
The procedure has been automated in a spreadsheet format and can be applied 
to any subwatershed. 
A conceptual schematic diagram illustrating the flood runoff routing is shown in 
figure 12. Figures 13 and 14 show schematic block diagrams illustrating the hydrologic 
interrelation between the different sub-basins for the Flint and Mutton Creek watersheds, 
respectively. 
A range of design storms was chosen to cover storms of different durations and 
return periods. Based on annual rainfall data provided by Huff and Angel (1989), three 
storm durations were considered. Storms of 12, 24, and 48 hours duration were chosen 
for the analysis. For each storm duration, the rainfall depths for seven given recurrence 
intervals were chosen. 
The nearest rainfall gaging station to the Flint and Mutton Creek watersheds is the 
Waukegan Station (number 119029). Table 14 provides rainfall depths for each duration 
and recurrence interval. 
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Figure 12. Schematic diagram illustrating runoff routing 
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Figure 13. Schematic diagram of the hydrologic interrelation between sub-basins 
in the Flint Creek watershed 
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Figure 14. Schematic diagram of the hydrologic interrelation between sub-basins 
in the Mutton Creek watershed 
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Table 14. Rainfall Values for Different Recurrence Intervals and Durations 
Recurrence interval 
1-year 
2-year 
5-year 
10-year 
25-year 
50-year 
100-year 
Source: Huff and Angel, 1989. 
12 hrs 
2.04 
2.44 
2.94 
3.36 
4.00 
4.74 
5.56 
Rainfall depth (inches) for duration 
24 hrs 
2.34 
2.80 
3.38 
3.85 
4.60 
5.45 
6.40 
  of: 
48 hrs 
2.52 
3.02 
3.75 
4.29 
5.13 
5.89 
6.7 
Stormwater Volume Calculations 
As outlined in the general procedure, storm runoff is calculated for each storm. 
The net runoff contribution from the upstream sub-basin is also estimated at the outlet of 
each sub-basin. 
Tables 15 and 16 show a typical spreadsheet format of such calculations for the 
Flint and Mutton Creek watersheds, respectively. The runoff volume at the outlet of the 
whole watershed is taken into consideration here. Similar values can be derived from the 
same spreadsheet for runoff values at the outlet of other sub-basins. The runoff 
calculation assumes an average available storage depth of 1 foot over the wetland area. 
Upland wetlands have the potential to store runoff from the sub-basin over their areas, 
whereas floodplain wetlands have the potential to store excess runoff from the sub-basin 
as well as any contributions from upstream sub-basin runoff. 
The values shown in tables 15 and 16 are based on a 100-year storm of 6.4 inches 
depth. For this value of rainfall depth, the MUSPi and EUSPi columns are identical. 
The same is true for columns MFSPi and EUSPi. This means that there is enough 
storm runoff that the effective wetland storage is equal to its maximum capacity. This 
is true only for high rainfall depth. 
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Table 15. Detailed Runoff Calculations for the Flint Creek Watershed 
Drainage Storage scs-
area Precip. Percent Percent depth abstraction SCS-Q WRVi MUSPi EUSPi WRCi MFSPis RVi+1 EFSPi SRVi 
Basin (acres) SCS-CN (in) W-upland W-flood (ft) (in) On) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) 
F1421 2109 86 6.4 12.1 2.4 1.63 4.79 842 255 255 587 51 0 51 536 
F142 3529 85 6.4 8.8 2.3 1.76 4.68 1376 311 311 1066 81 536 81 1521 
F1411 1454 86 6.4 12.0 3.6 1.63 4.79 580 174 174 406 52 0 52 354 
F141 1942 84 6.4 2.8 10.9 1.90 4.57 740 54 54 686 212 354 212 827 
F14 2121 83 6.4 5.1 2.6 2.05 4.46 789 108 108 681 55 2348 55 2974 
F13 913 82 6.4 6.3 2.3 2.20 4.36 332 58 58 274 21 2974 21 3227 
F12 2066 81 6.4 0.9 2.6 2.35 4.25 732 19 19 713 54 3227 54 3886 
Fll 970 83 6.4 11.1 11.6 2.05 4.46 361 108 108 253 113 3886 113 4027 
F211 3412 85 6.4 5.8 11.7 1.76 4.68 1331 198 198 1133 399 0 399 734 
F21 1846 84 6.4 4.7 3.3 1.90 4.57 704 87 87 617 61 734 61 1290 
F22 1346 84 6.4 6.3 9.7 1.90 4.57 513 85 85 428 131 0 131 297 
F2 695 83 6.4 3.0 24.9 2.05 4.46 258 21 21 238 173 1587 173 1652 
Fl 1140 80 6.4 3.4 3.3 2.50 4.14 394 39 39 355 38 5679 37 5996 
Total flood volume = 5,996 acre-feet (based on 100-year, 24-hour storm). 
1 
1 
1 
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Table 16. Detailed Runoff Calculations for the Mutton Creek Watershed 
Drainage Storage scs-
area Precip. Percent Percent depth abstraction SCS-Q WRVi MUSP, EUSPi WRCi MFSPis RVi+1 EFSPf SRVi 
Basin (acres) SCS-CN (in) W-upland W-flood (ft) (in) (m) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) 
M7 245.61 80 6.4 1.3 17.7 2.50 4.14 85 3 3 82 43 0 43 38 
M6 1500.51 80 6.4 3.8 14.7 2.50 4.14 518 57 57 461 221 38 221 279 
M51 231.26 76 6.4 0.9 12.1 3.16 3.73 72 2 2 70 28 0 28 42 
M5 297.42 81 6.4 0.8 27.8 2.35 4.25 105 2 2 103 83 321 83 341 
M4 1052.14 75 6.4 0.6 12.4 3.33 3.63 318 6 6 312 130 341 130 522 
M31 1080.21 78 6.4 0.2 23.0 2.82 3.93 354 2 2 352 248 0 248 104 
M3 2115.86 76 6.4 0.7 9.0 3.16 3.73 657 15 15 642 190 625 190 1077 
M2 305.86 74 6.4 1.0 5.2 3.51 3.52 90 3 3 87 16 1181 16 1252 
Ml 1105.63 78 6.4 1.9 32.3 2.82 3.93 363 21 21 341 357 1355 357 1340 
Total flood volume = 1,340 acre-feet (based on a 100-year 24-hour storm). 
1 
1 
1 
1 
1 
1 
1 
1 
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RESULTS AND DISCUSSION 
The method of analysis developed for this project is not very complicated. Basic 
hydrologic relations and procedures were used to evaluate the role of wetlands in 
stormwater management. Although the procedure does not use a complex modeling 
approach, the conceptual formulation of the methodology can be used to explain and 
evaluate the major function of wetlands in stormwater management and planning. It also 
gives adequate insight to the major wetland variables that affect basin development and 
planning in terms of stormwater runoff volumes. The results of this study should be used 
as planning tools and not as a detailed hydrologic analysis of the basins. Such analyses are 
being conducted as part of another project. 
First the volume of runoff from each watershed was calculated, assuming no 
floodwater storage capacity by wetlands. This was accomplished by assuming that 
wetlands provide no storage depth for runoff (depth = 0 feet). The results of those 
calculations are shown in figures 15a and b for Flint and Mutton Creeks, respectively. The 
analysis used storm events ranging in return period from 1 to 100 years and duration from 
12 to 48 hours. The total runoff volume from Flint Creek ranged from 500 to 9,000 acre-
feet. For Mutton Creek, the total runoff volume ranged from 30 to 3,500 acre-feet. 
These numbers provide a good idea of what kind of storm runoff to expect if wetlands are 
not serving any stormwater storage function. 
Next the concept that wetlands serve a stormwater storage function was 
investigated by assuming variable wetland storage depth. The potential runoff storage 
capacity of a wetland is a function of the available storage depth over the wetland itself. 
In order to understand the impact of the available wetland storage depth on the net flood 
volume at the outlet of the watershed, the depth was changed over a range from 0 to 2 
feet with a step of 0.25 foot. Results are shown in figure 16 for both the Flint and Mutton 
Creek watersheds. Note that the total runoff volume at the outlet of the watersheds 
decreases as the depth of wetland storage increases until the depth exceeds 1.2 feet for 
Mutton Creek and 2.0 feet for Flint Creek. This figure can be used to select the wetland 
storage depth required to keep the flood volume at the watershed outlet at a desirable 
level. Similar results are observed for storms occurring more frequently. 
To evaluate the impact of existing wetlands on flood volume, another scenario 
assuming an average available wetland potential storage depth of 1 foot was analyzed. 
Runoff volumes are calculated in a similar way to the zero-depth scenario investigated 
earlier. Results of the 1-foot storage depth analysis are shown in figures 17a and b for the 
Flint and Mutton Creek watersheds, respectively. Based on the existing conditions 
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Figure 15. Flood volumes calculated at the outlet of the Flint and Mutton Creek 
watersheds for storms of different frequencies and durations 
assuming available wetland storage depth = 0.0 foot 
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Figure 16. The effect of wetland storage depth on flood volume at the outlet 
of the Flint and Mutton Creek watersheds for a 25-year, 24-hour storm 
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Figure 17. Flood volumes calculated at the outlet of the Flint and Mutton Creek 
watersheds for storms of different frequencies and durations 
assuming available wetland storage depth = 1.0 foot 
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and the assumption of 1-foot storage depth, the Flint Creek watershed can store runoff 
from all storm events of 2-day duration with recurrence intervals of 1 year or less. The 
Mutton Creek watershed can store runoff from storms of similar duration but up to a 10-
year recurrence interval. 
If a wetland storage depth of 1 foot is available, storms with a total rainfall depth 
of less than 2 inches will not generate any runoff volumes at the outlet of the Flint Creek 
watershed. This value rises to 4 inches for the Mutton Creek watershed. This difference 
in rainfall depth is due to differences in land use between the Mutton Creek watershed and 
the urbanized Flint Creek watershed. It is also due to a higher relative wetland area (18 
percent) in the Mutton Creek watershed, compared to the wetland area (12.6 percent) in 
the Flint Creek watershed. 
To quantify the impacts of wetland restoration (increase) and drainage (reduction) 
on stormwater runoff volumes, three different scenarios have been investigated. One 
scenario assumes a range of upland wetland restoration/reductions between zero (no 
change) and 100 percent (complete restoration/reduction). Negative values indicate 
wetland drainage, whereas positive values indicate wetland restorations. The other two 
scenarios apply the same reductions to floodplain wetlands and both the upland and 
floodplain wetlands, respectively. Results of this sensitivity analysis are shown in figures 
18-21 for both watersheds. These figures are based on a storm depth of 3.85 inches (24-
hour storm of 10-year recurrence interval) for Flint Creek and 4.6 inches (24-hour storm 
of 25-year recurrence interval) for Mutton Creek. 
Figures 18 and 19 show the relative changes in flood volume for changes in 
percent of wetland area for upland and floodplain wetlands in the Flint and Mutton Creek 
watersheds, respectively. It was found that wetland drainage increases the flood volume 
at a higher rate than wetland restoration decreases it. The analysis also indicates that an 
acre of wetland has nearly the same impact on flood volume in both upland and floodplain, 
although floodplain wetlands offer more storage potential because they can store routed 
flow from upstream sub-basins. This is shown in figures 20 and 21, where changes in 
flood volume as a result of wetland drainage/restoration in acres for different storm events 
are plotted for Flint and Mutton Creeks, respectively. Apparently, due to the existing 
storage potential of the Mutton Creek watershed, the impact of wetland restoration is not 
clearly shown. 
Future Development 
Future land-use data were provided by the Lake County SMC for both the Flint 
and Mutton Creek watersheds. These data were compiled and analyzed to study the 
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Figure 18. The impact of change in percent of wetland areas on flood volume for the 
Flint Creek watershed assuming available wetland storage depth = 1.0 foot 
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Figure 19. The impact of change in percent of wetland areas on flood volume for the 
Mutton Creek watershed assuming available wetland storage depth = 1.0 foot 
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Figure 20. The impact of change in wetland acreage on flood volume for the Flint 
Creek watershed assuming available wetland storage depth = 1.0 foot 
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Figure 21. The impact of change in wetland acreage on flood volume for the Mutton 
Creek watershed assuming available wetland storage depth = 1.0 foot 
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impact of land-use changes on the storage potential of the wetlands, as well as on the net 
runoff from the watershed. Table 17 summarizes the changes in land use for both 
watersheds. 
Table 17. Present and Future Land Use for the Flint and Mutton Creek Watersheds 
Land Use 
Commercial 
Industrial 
Agricultural 
Residential 
Water 
Other 
Total 
Flint Creek watershed 
Present 
(percent) 
2.21 
2.47 
38.99 
32.10 
5.03 
19.19 
100.00 
Future 
(percent) 
3.92 
3.57 
6.78 
72.55 
4.91 
8.27 
100.00 
Mutton Creek watershed 
Present 
(percent) 
0.07 
4.11 
70.44 
16.50 
6.23 
2.65 
100.00 
Future 
(percent) 
3.13 
1.52 
47.83 
39.24 
5.88 
2.41 
100.00 
Figures 22a and b give a comparison between present and future land use for the 
Flint and Mutton Creek watersheds, respectively. Note that in both watersheds, 
residential land use is expected to increase as agricultural land use decreases. 
To quantify the impact of future land-use development on watershed hydrology, 
the total runoff volume from different rainfall storm events is compared under present and 
future scenarios. Figures 23 a and b show this effect for Flint Creek, and figures 24a and b 
show it for Mutton Creek. Table 18 gives values of runoff volume in acre-feet for 
different rainfall storms under present and future conditions. 
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Figure 22. Comparison of present and anticipated future land use for the Flint and 
Mutton Creek watersheds 
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Figure 23. Comparison of runoff volumes in inches for the Flint Creek watershed 
under present and future land-use conditions 
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Figure 24. Comparison of runoff volumes in inches for the Mutton Creek watershed 
under present and future land-use conditions 
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Table 18. Impact of Future Development on Runoff Volumes 
for the Flint and Mutton Creek Watersheds (acre-feet) 
Rainfall depth 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Flint Creek watershed 
Present 
0 
0 
0 
287 
1685 
3446 
5260 
7108 
8981 
10870 
12771 
Future 
0 
0 
0 
351 
1769 
3542 
5365 
7221 
9100 
10994 
12900 
Mutton Creek watershed 
Present 
0 
0 
0 
0 
0 
337 
1042 
1792 
2560 
3340 
4130 
Future 
0 
0 
0 
0 
0 
417 
1153 
1912 
2687 
3474 
4270 
Note: Available wetland storage depth =1.0 foot. 
Implications of Results 
The analysis shows the relationship between wetland characteristics (such as 
location, acreage, and average available storage depth) and stormwater runoff volume for 
different rainfalls. The questions often asked by decision makers and developers are 
primarily operational: 
1. How do existing wetlands influence the stormwater volumes for different rainfall 
storms? 
2. How might future development impact both wetland and stormwater flood volumes? 
3. How can wetlands be used to mitigate the impact of future development? 
4. How can stormwater management practices and strategies enhance the performance 
of wetlands? 
The answers to the above questions share the premise that future land-use 
development often involves encroachment on wetland areas. The drainage of wetlands 
would increase the volume and peak of the stormwater flood. If the increase is beyond an 
"acceptable" limit that the drainage system can convey without flooding, then actions 
should be taken to counterbalance the net increase in flood volumes and peaks. One 
possible solution is to restore or create wetlands that are capable of mitigating the effects 
of development. This solution may require an exchange between upland and floodplain 
wetlands that might not be the best choice, but it has the advantage of restoring and 
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preserving some wetland ecosystems, two significant activities from an environmental 
point of view. 
Another option is to increase the average flood storage depth of existing wetlands 
using structural measures. Such measures include building small dikes and levees to 
provide the required storage depth. 
One trade-off that may affect a wetland's flood storage potential is between its 
area and its storage depth. If wetland areas have to be reduced, the flood storage depth of 
the wetlands could be increased to counterbalance any net increase in flood volumes. 
Figures 25a and b give analyses of this trade-off, area for depth, for the Flint and 
Mutton Creek watersheds, respectively. Figure 25a quantifies the relationship between 
the reduction in wetland area (both upland and floodplain) and the necessary increase in 
storage depth in the remaining wetlands to maintain a specific stormwater runoff volume 
(in this case 3,000 acre-feet) for the Flint Creek watershed. Figure 25b establishes the 
same relationship for the Mutton Creek watershed with an assumed runoff volume of 
1,500 acre-feet. However, it should be noted that depth and area are not quite 
interchangeable, since other hydrologic processes that were not taken into account in the 
present analysis, such as evaporation and infiltration, affect the depth-area relationship. 
Larger surface areas will allow more losses due to evaporation and infiltration. 
From a stormwater management perspective, the performance of a wetland can be 
enhanced by creating and restoring more floodplain wetlands and increasing the area of 
specific wetlands and the storage depth of existing wetlands to maximize their stormwater 
storage potential. 
Verification of Runoff Calculations 
USGS water resources data were used to verify the current methodology for 
estimating the total runoff volume at the outlet of the watershed. These data are available 
for Flint Creek near Fox River Grove, Illinois (station 05549850) for the 1990 and 1991 
water years. 
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Figure 25. The relationship between wetland area reduction and required wetland 
storage depth for the Flint and Mutton Creek watersheds 
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The top five storms for the period of record were selected to verify runoff 
calculations. Table 19 gives an example of the verification calculation for the March 12, 
1990 storm. All data are taken from daily observations. 
Table 19. Hydrologic Characteristics of March 12,1990 Storm 
Date 
3/08/93 
3/09/93 
3/10/93 
3/11/93 
3/12/93 
3/13/93 
3/14/93 
3/15/93 
Total 
Rainfall 
(inches) 
0.72 
0.00 
0.01 
0.23 
0.34 
0.20 
0.33 
0 
3.83 
Streamflow 
(cfs) 
40 
134 
196 
240 
263 
231 
185 
123 
Direct runoff volume 
(cfs days) 
0 
82 
132 
164 
176 
132 
74 
0 
760.0 
The direct runoff volume is estimated by separating the baseflow from the streamflow 
using a linear baseflow assumption. 
Therefore, the actual runoff coefficient for this storm equals: 
According to our procedure, the total runoff volume for the 3.38-inch synthetic storm is 
1,427 acre-feet. Thus, the estimated runoff coefficient equals the runoff depth divided by 
the total rainfall depth after converting them to the same units, i.e., 
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The 0.215 figure is reasonably close to 0.201, based on historical storms and streamflow 
data. 
Table 20 summarizes the calculations for the five storms chosen for verification of 
runoff calculations. 
Table 20. Historical Runoff Coefficient for Different Storms - Flint Creek 
Storm date 
March 12,1990 
May 9,1990 
March 26,1991 
April 14, 1991 
May 25, 1991 
Total rainfall 
(inches) 
3.83 
1.47 
1.12 
1.83 
1.38 
Direct 
(cfs days) 
760 
334 
202 
347 
344 
runoff volume 
(inches) 
0.769 
0.337 
0.203 
0.351 
0.347 
Runoff 
coefficient 
0.201 
0.230 
0.182 
0.191 
0.250 
Figure 26 compares the historical runoff coefficients and the estimated coefficients. 
The figure indicates that the methodology described earlier to calculate runoff volume and 
evaluate the storage capacity of wetlands in the watershed is quite reasonable. 
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Figure 26. Comparison of historical and estimated runoff coefficients for selected 
historical storms in the Flint Creek watershed 
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SUMMARY AND CONCLUSIONS 
This study examined the storm runoff storage potential of wetlands in two Lake 
County watersheds: the Flint Creek watershed, an urbanized watershed with an area of 
36.8 sq mi, and the Mutton Creek watershed, a mainly agricultural watershed with an area 
of 12.4 sq mi. For purposes of hydrologic analysis, the Flint Creek watershed was 
subdivided into 13 sub-basins, and the Mutton Creek watershed into nine sub-basins. 
The hydrologic characteristics of each sub-basin were evaluated based on data 
from land use, soil association, and the NWI data generated using the IGIS. The SCS CN 
was estimated for each sub-basin to calculate the total runoff volume from rainfall events. 
Existing wetlands constitute 12.6 percent of the Flint Creek watershed, and SO 
percent of them are classified as floodplain wetlands. Similarly, wetlands constitute 18 
percent of the Mutton Creek watershed, and more than 90 percent of them are floodplain 
wetlands. Floodplain wetlands are located within the vicinity of the stream channel, while 
upland wetlands are located outside the floodplain. This broad classification is based on 
the difference in flood storage function of the wetlands. Floodplain wetlands can store 
flood flow from upstream sub-basins, while upland wetlands can only store runoff from 
within the sub-basin. 
A simple and practical methodology based on volumetric calculations of runoff 
was developed to estimate the storage potential of the wetlands in each sub-basin. It also 
estimates the total runoff volume at each sub-basin and at the watershed outlet. The 
methodology differentiates between wetland storage capabilities according to their relative 
location in the watershed as uplands or floodplains. Results of this analysis were found to 
be in agreement with the historical records of apparent runoff coefficients. The storage 
capacity of a wetland is a function of the wetland area and its average storage depth. 
Different rainfall events and characteristic wetland scenarios were analyzed in this 
study. They include analyses of the sensitivity of stormwater runoff volumes to wetland 
area and average storage depth. Stormwater runoff volume was calculated for different 
storm durations and return periods. 
Results showed that a 24-hour rainfall event with a 10-year recurrence interval 
produces stormwater runoff of 4,382 acre-feet at the outlet of the Flint Creek watershed 
and about 1,461 acre-feet at the outlet of the Mutton Creek watershed, assuming wetlands 
provided no flood storage. If an average storage depth over the wetland is assumed to be 
1.0 foot, then the volumes of the net stormwater runoff are less than 1,427 acre-feet for 
the Flint Creek watershed and almost zero for the Mutton Creek watershed. If we 
consider a 100-year storm, the corresponding values are 6,000 acre-feet for Flint Creek 
and 1,340 for Mutton Creek, assuming 1.0 foot available storage depth. 
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Two strategies could be more effective in mitigating stormwater runoff volume: 1) 
increasing the area of wetlands, preferably floodplain wetlands, in the downstream area of 
the watershed; and 2) increasing the depth of storage at the wetlands. A trade-off 
between wetland area and storage depth can also be developed for each sub-basin. These 
results provide guidelines for stormwater management planning and wetland restoration. 
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